Abstract
In the present study we aimed to separate the contribution of low-level signals 
Experimental Device

150
We built a device that was controlled by the participants' finger (Fig 1) . When that it moved either in the same direction as the finger or in the opposite direction.
162
This ensured that the mechanical resistance of the device was equated in both 163 configurations. Only the tracking target was visible to participants. All mobile parts of 164 the device and the hand were occluded to the observer.
Target movement and eye movement recordings and analyses
168
Movements of the pursuit target, which was directly connected to the finger, were Canada). We had to place the eye tracker behind the experimental device, as 174 participants need to interact with the device. Positioning the eye tracker above the 175 gaze, however, produced relatively noisy data. A chin rest was used to limit the head movements. The distance from the eye to the pursuit target was 30 cm.
system as well as a potentiometer with a rotating sensor (Vishay Spectrol 534, Vishay 181 Intertechnology, Inc., PA, USA). We then used the movement onset detection method
182
(Schütz et al. , 2007) described below to get the movement onset from both the 183 distance data of Zebris system as well as the voltage data of the potentiometer. With 184 100 measures, we estimated the delay as 9.0 ms (SD = 6.5 ms).
185
We manually checked the eye position and finger position traces for all trials.
186
Trials with artifacts, e.g. participants' failure to make the correct movement or eye 187 tracker data loss, were rejected (6.6%). We did no discard trials where saccades 188 occurred during fixation, as we expected eye movements to be executed anticipatorily.
189
We used the regression-based method described in Schütz et al. (2007) we plotted the average position and average velocity profile for one example observer.
235
We did not observe any significant difference between hand movements to the left and
236
to the right thus we grouped them together in all analyses.
We first explored how well participants coordinated their finger and eye than incongruent condition (368.0 ± 93.9 ms), t(11) = -2.3, P = .043.
275
We calculated eye latencies as defined by eye onset time relative to finger onset 276 time (Fig 3C and 3D) . Eye latencies were smaller in congruent condition (mean ± SD,
277
-32.4 ± 23.9 ms) than that in incongruent condition (-6.1 ± 24.2 ms), t(11) = -3.87, P analysis for each condition of individual participants. We did not find any significant deviation from unimodality for any observer in both the congruent condition (all 288 P > .52) and the incongruent condition (all P > .50).
Congruency effect does not quickly disappear with adaptation. A previous study 293 suggest that the incongruency cost may be limited to the first few trials (Vercher, 294 Quaccia and Gauthier, 1995). We thus examined the eye latencies in the first 10 trials
295
(1-10), the following 70 trials (11-80), the following 40 trials (81-120) and the last 40 
[-------------insert Fig 5 here-------------]
338
Pursuit gain were larger in congruent pursuit. The position measurement is not 339 optimal for pursuit quality as saccades also contribute to position data. Here we 340 computed finger/eye velocities and pursuit gain (eye velocity / finger velocity) after 341 excluding saccades in velocity traces (Fig 6) . Due to anticipatory eye movement, the 342 gain was extremely high in the beginning (< 50 ms after finger onset). In the [100 300] 343 ms window, the gain was larger in congruent condition (mean = 0.92, SD = 0.11) than 344 that in the incongruent condition (mean = 0.83, SD = 0.19), t(11) = 2.90, P = .014.
higher eye velocity (congruent vs. incongruent: 27.1 ± 10.2 vs. 21.9 ± 9.6 deg/s; t(11) 347 = 3.64, P = .004), rather than a lower finger movement velocity (congruent vs. divided this by the total number of trials to calculate the proportion of saccadic trials.
[-------------insert Fig 6 here-------------]
362
The proportions were generally low, around 7.8% (SD = 6.0%) in congruent pursuit 363 and 10.7% (SD = 5.3%) in incongruent pursuit on average in the [0 300] ms window.
364
The congruent condition had significantly fewer saccadic trials than the incongruent 365 condition, t(11) = -2.44, P = .033. 
[-------------insert Fig 7 here-------------]
369
Reversal delay was less in congruent pursuit. Finally, we computed the time point
370
where the finger reversed direction (i.e., the peak in position trajectories) and 371 compared it to the time point where the eye reversed direction in individual trials.
372
Reversal delay was defined as the delay of eye reversal time relative to finger reversal 373 time (Fig 8) . The delay was small, 1.9 ms on average in congruent pursuit (SD = 10.9 ms; not different from 0, t(11) = 0. anything, the correlation is negative rather than positive as would have been expected.
382
The decreased reversal delay was thus not driven by the decreased pursuit latency.
The difference in pursuit quality between congruent and incongruent trials could predictive signals tightly bound to motor execution also play a role in finger tracking.
443
While this notion has been suggested before (e.g., Vercher et al. 1996) , to our
444
knowledge it has not been tested directly by dissociating motor execution from motor 445 intention while maximizing target motion predictability. 
623
As a result, the target moves always in the opposite direction when the finger moves.
624
Note that the device and the hand were occluded, while only the tracking target was 625 visible to the observer. 
